Purpose: To evaluate the prevalence of esophageal reflux-induced symptoms after gastrectomy owing to gastric cancer and assess the relationship between esophageal reflux-induced symptoms and quality of life. Materials and Methods: From January 2012 to May 2012, 332 patients were enrolled in this cross-sectional study. The patients had a history of curative resection for gastric cancer at least 6 months previously without recurrence, other malignancy, or ongoing chemotherapy. Esophageal reflux-induced symptoms were evaluated with the GerdQ questionnaire. The quality of life was evaluated with the European Organization for Research and Treatment QLQ-C30 and STO22 questionnaires. Results: Of the 332 patients, 275 had undergone subtotal gastrectomy and 57 had undergone total gastrectomy. The number of GerdQ(+) patients was 58 (21.1%) after subtotal gastrectomy, and 7 (12.3%) after total gastrectomy (P=0.127). GerdQ(+) patients showed significantly worse scores compared to those for GerdQ(-) patients in nearly all functional and symptom QLQ-C30 scales, with the difference in the mean score of global health status/quality of life and diarrhea symptoms being higher than in the minimal important difference. Additionally, in the QLQ STO22, GerdQ(+) patients had significantly worse scores in every symptom scale. The GerdQ score was negatively correlated with the global quality of life score (r=-0.170, P=0.002). Conclusions: Esophageal reflux-induced symptoms may develop at a similar rate or more frequently after subtotal gastrectomy compared to that after total gastrectomy, and decrease quality of life in gastric cancer patients. To improve quality of life after gastrectomy, new strategies are required to prevent or reduce esophageal reflux.
Introduction
Gastric cancer is still prevalent throughout the world, and longterm survival has increased owing to early detection, improved surgical techniques, and combined therapy. 1 After gastrectomy, anatomical changes and loss of function induce various symptoms that may affect a patient's quality of life (QoL) after surgery.
Therefore, postoperative QoL has received considerable attention, in addition to oncological outcomes, as there are many factors affecting QoL after curative gastric resection for gastric cancer. 2 In the general population, symptomatic gastroesophageal reflux dis-ease (GERD) negatively affects patients' QoL. 3, 4 Healthy individuals have anatomical features in the esophagogastric junction, which prevent esophageal reflux. These anatomical features may be disrupted after gastric surgery, resulting in esophageal reflux. Taken together, we can assume that a fair number of gastric cancer patients may suffer from reflux-related symptoms after gastrectomy, which may negatively affect their QoL. The prevalence and severity of reflux-related symptoms differ according to the extent of resection and/or reconstruction methods. [5] [6] [7] Some studies have evaluated the reflux itself, assessed by scintigraphic methods, bilimetry, intraesophageal pH monitoring, or endoscopic changes of the esophageal mucosa. [8] [9] [10] However, these studies did not evaluate the impact of reflux-related symptoms on QoL after gastrectomy.
We were interested in the esophageal reflux-related symptoms and their correlation with QoL. A recent study in our institute investigated GERD using the GerdQ questionnaire. 11 The GerdQ is a self-administered, patient-oriented questionnaire developed by combining 6 questions from 3 different validated tools (the Reflux Disease Questionnaire, Gastrointestinal Symptom Rating Scale, and GERD Impact Scale), [12] [13] [14] which are considered to have a high accuracy for symptom-based diagnosis of GERD in the general population. [15] [16] [17] Therefore, the GerdQ questionnaire was used to evaluate esophageal reflux symptoms in this study.
Furthermore, the European Organization for Research and
Treatment (EORTC) QLQ-C30 and QLQ-STO22 questionnaires were used for evaluating the QoL in this study. Since its release in 1993, the EORTC QLQ-C30 has become one of the most widely used 'core' instruments for the study of the health-related QoL of cancer patients, having been translated into several languages and used in hundreds of studies. The 14 single-item and multi-item scales in the EORTC QLC-C30 questionnaire assess physical and psychosocial functioning, key symptoms, and overall health-related QoL. The QLQ-C30 and its QLQ-STO22 disease-specific questionnaire module for patients with gastric cancer are used in combination, and these questionnaires are usually selected because they are fully validated, translated into many languages, and adequate for multicultural comparisons. 2, 18 In this study, we evaluated reflux-related symptoms using the GerdQ questionnaire and analyzed the prevalence of reflux-related symptoms and their impact on QoL after gastrectomy in gastric cancer patients.
Materials and Methods
This study was cross-sectional in design and was carried out at patients who did not complete the GerdQ correctly. As a result, the data from a total of 332 patients were analyzed.
Postoperative symptoms related to esophageal reflux were assessed using the GerdQ questionnaire (Korean translation). The
GerdQ questionnaire is composed of 4 positive predictors of GERD (heartburn, regurgitation, sleep disturbance due to reflux symptoms, and the use of over-the-counter medication; questions 1, 2, 5, and 6, respectively), and 2 negative correlates with GERD (epigastric pain and nausea; questions 3 and 4, respectively). 14, 19 The GerdQ scores were based on the frequency of 6 items during the past 7 days ranging from 0 to 3 for the positive predictors, and from 3 to 0 (in reversed order, with 3 representing 'none') for negative predictors. The total GerdQ score is calculated as the sum of these scores, ranging from 0 to 18. Patients without any symptoms will have a GerdQ score of 6, and GERD patients will have a GerdQ score of ＞8. 15 In our study, patients with a total GerdQ score of ＞8 were assigned to the GerdQ (+) group, whereas patients with a total GerdQ score of 0 to 7 were assigned to the GerdQ (-) group. 15 The QoL was assessed using the Korean version of the EORTC For each domain of the QLQ-C30 and QLQ-STO22 questionnaires, we calculated the minimal important difference (MID), defined as the smallest change that patients would identify as important. We followed the EORTC published guidelines for the interpretation of clinically relevant differences in QLQ-C30 scores. 25 However, similar guidelines are not available for the interpretation of QLQ-STO22 scores. We therefore defined the MID for the domains of QLQ-STO22 as an effect size ＞0.5, which empirically yields nearly identical values to the clinical interpretation of a 'moderate difference'. 26, 27 The effect size was calculated as the difference between the means in the 2 groups divided by the pooled standard deviation. 28 The correlation between the GerdQ score and the global health status/QoL scale was analyzed. A P-value of ＜0.05 was considered statistically significant.
Results
Three hundred and thirty-two patients were surveyed, including 215 men and 117 women (male : female=1.85 : 1) with a mean age of 59.8±11.6 years. The number of subjects in the GerdQ (+) and GerdQ (-) groups was 65 and 267, respectively. The mean postoperative follow-up duration was 49.7±81.1 months.
There were no significant differences in age, gender, or preoperative body mass index between the GerdQ (+) and GerdQ (-)
groups. In addition, there were no significant differences in operation time, operative approach methods, TNM stage, or postoperative follow-up duration between the 2 groups (Table 1) . Interestingly, only 12.3% of patients undergoing total gastrectomy suffered from reflux symptoms, whereas 21.1% of patients undergoing subtotal gastrectomy suffered from reflux symptoms. Although the prevalence of reflux symptoms was higher in patients after subtotal gastrectomy than after total gastrectomy, the difference was not statistically significant (P=0.127).
The differences between the means and MIDs of the QLQ-C30
domains are shown in Fig. 1 and 2 .
With regard to the MID, the difference between the means and MIDs was greater in the domains of the global health status/QoL, which means that the global health status/QoL in the GerdQ (+) group was worse than that in the GerdQ (-) group (Fig. 1) . On the functional scales based on physical, role, emotional, cogni- tive, and social functioning, the score in the GerdQ (+) group was significantly lower than that in the GerdQ (-) group. However, the difference of the means was not greater than that of the MIDs. The EORTC QLQ-C30 guidelines did not provide the MID value for the emotional function domain. 25 Therefore, we could not compare the difference of means and MIDs in that domain. The scores based on the symptom scales in the EORTC QLQ-C30 questionnaire are shown in Fig. 2 . The scores in the GerdQ (+) group were significantly inferior to those in the GerdQ (-) group on most of the symptom scales. However, the difference of the means was greater than that of the MIDs only for diarrhea (Fig. 2 ). Fig. 3 shows the effect sizes of the QLQ-STO22 domains. As expected, the effect size was ＞0.5 in the reflux domains, suggesting that the GerdQ (+) group had worse reflux symptoms compared to those in the GerdQ (-) group based on the EORTC QLQ-STO22 scores. Additionally, the effect size was ＞0.5 in the domains of eating restriction and body image.
The bivariate correlation analysis revealed that the GerdQ score was negatively correlated to the global health status/QoL scales (r=-0.170, P=0.002). Furthermore, the bivariate analysis performed in patients with a GerdQ score ＞6, revealed a negative correlation (r=-0.305, P＜0.001) (Fig. 4) .
Discussion
GERD in the general population is one of the most common diseases in Western countries, while in Asia the incidence of GERD is relatively low. 29 GERD consists of 2 types: reflux esophagitis (RE), diagnosed by endoscopic observation, and non-erosive reflux disease (NERD), mainly diagnosed on the basis of upper gastrointestinal symptoms. NERD patients make up more than half of all GERD patients. 30 In addition, symptomatic GERD is associated with a substantial burden in affected individuals and society. 3, 4 Reflux and other duodenal contents in the esophagus following total gastrectomy is considered to be a serious complication and a
Roux-en-Y reconstruction has been used for diversion of the duodenal juices. 31 Furthermore, reflux following proximal gastrectomy might be worse than reflux after total gastrectomy. 32, 33 However, it is difficult to fully understand the incidence of esophageal reflux after gastrectomy, because some reports have evaluated the reflux itself, while other reports have evaluated the endoscopic findings of the esophageal mucosa. A few studies have evaluated the symptoms related to esophagitis using different survey methods. 34, 35 After gastrectomy, some patients showing symptoms suggestive of esophageal reflux such as heartburn and regurgitation did not demonstrate objective endoscopic findings. 36 In this study, we evaluated the symptoms related to RE using the GerdQ questionnaire. Surprisingly, over 20% of the patients with subtotal gastrectomy suffered from significant reflux symptoms, while only 12.3% of the patients with total gastrectomy suffered from GERD symptoms. Although the ratios of patients with GERD symptoms were not statistically significant between subtotal gastrectomy patients and total gastrectomy patients, GERD may develop at a similar rate or more frequently after subtotal gastrectomy than after total gastrectomy. To our knowledge, this appears to be the first report of such a finding.
The causes of GERD after subtotal gastrectomy include a change in lower esophageal sphincter pressure, development of hiatal hernia, and blunting of the angle of His caused by pericardial lymph node dissection. [37] [38] [39] [40] However, the published literature on GERD patients after subtotal gastrectomy is not sufficient to clarify the pathogenesis of post-operative GERD, as researchers have been less concerned with GERD after subtotal gastrectomy than after total gastrectomy. However, the incidence of GERD after subtotal gastrectomy is not negligible, but rather similar or higher than that after total gastrectomy. A previous report found that heartburn symptoms were a complaint in 16 of 61 (26.2%) patients who underwent partial gastrectomy, which is consistent with the findings in our study. 41 Healthy individuals have anatomical features at the esophagogastric junction preventing esophageal reflux, which might be disrupted by gastric surgery. As described above, symptomatic GERD in the general population is closely associated with QoL. 3, 4 The prevalence and severity of reflux-related symptoms differ according to the extent of resection and/or reconstruction methods. Some studies evaluated the reflux itself, assessed by scintigraphic methods, bilimetry, intra-esophageal pH monitoring, or the endoscopic changes of the esophageal mucosa. [8] [9] [10] However, these studies did not evaluate the impact of reflux-related symptoms on QoL after gastrectomy. The present study evaluated the impact of refluxrelated symptoms on QoL after gastrectomy in gastric cancer patients. Furthermore, we used the concept of MID to interpret the data. Many studies on the QoL in gastrectomized patients with gastric cancer reported that the statistically significant differences were clinically relevant. However, the statistical significance of small differences does not necessarily imply clinical importance. The MID proposes a threshold above which the outcome is experienced as clinically relevant by the patients. 25, 26 Reflux-related symptoms were significantly correlated with the global health status/QoL scales.
Interestingly, diarrhea in EORTC QLQ-C30 symptom scales was clinically relevant in association with reflux-related symptoms. Future studies need to investigate the correlation between diarrhea and reflux-related symptoms after gastrectomy, as we were unable to provide an explanation based on our study findings. In this study, we also demonstrated that reflux was clinically relevant to eating problems and body image, which are considered important factors by gastrectomized patients. Furthermore, the correlation analysis between the GerdQ score and global health status/QoL scales showed that the GerdQ score is useful in the determination of QoL.
Initially, subjects with no positive or negative reflux symptoms have a GerdQ score of 6, which increases if the subject has reflux symptoms. On the other hand, the GerdQ score decreases if the subject has negative reflux-related symptoms. Therefore, a GerdQ score of ＜6 indicates the presence of negative reflux-related symptoms that could affect patients' QoL. For this reason, we analyzed the correlations again in a subpopulation with GerdQ scores of ＞6. As expected, a considerably higher correlation was observed between the GerdQ score and global health status/QoL scales (Fig. 4) .
This study has some limitations. Esophageal reflux after total or subtotal gastrectomy could be different from GERD experienced in the general population, because the refluxate after gastrectomy has low or no acidity and patients do not have a pylorus. Therefore, the accuracy of the GerdQ score describing reflux symptoms in gastrectomized patients remains undetermined. In addition, the Korean version of the GerdQ questionnaire used in this study has not been officially validated. However, the GerdQ questionnaire covers all significant esophageal reflux related symptoms and there might be no other symptoms related to esophageal reflux in gastrectomized patients. Furthermore, the Korean version of the GerdQ questionnaire was successfully used in evaluation of GERD patients in a previous report.
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Although the refluxate after total gastrectomy is alkaline, its acidity is variable after subtotal gastrectomy. Truncal vagotomy reduces acid secretion of the remnant stomach in the early periods of gastrectomy, but it is restored with time. 42 Patients with decreased esophageal sphincter function after subtotal gastrectomy eventually suffer from mixed acid and bile reflux. As the present study did not evaluate the composition of the refluxates, we did not confirm whether the acidity is correlated with the degree of the symptoms.
Furthermore, the reconstruction methods after gastrectomy are important factors associated with reflux. A previous report suggested the use of semifundoplication for prevention of GERD after subtotal gastrectomy. 43 Additionally, a limited number of studies have demonstrated that Roux-en Y gastrojejunostomy is superior to Billroth I or Billroth II anastomosis for prevention of GERD after subtotal gastrectomy. 5, 44 In this study, we did not analyze the effects of the reconstruction methods owing to subgroup discrepancies.
RE has been considered as a typical aftereffect following total gastrectomy. However, esophageal reflux symptoms may develop at a similar frequency or more frequently after subtotal gastrectomy than after total gastrectomy. Esophageal reflux symptoms significantly decrease the QoL of gastric cancer patients. Therefore, strategies are required to prevent or reduce esophageal reflux symptoms in subtotal gastrectomy.
